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I. PREAMBLE 

This NASA step-funded grant  t o  Stanford Universi ty  was funded only 

f o r  i t s  f i r s t  two years ,  bu t  has been continued i n  fo rce  f o r  t he  f u l l  

3 years  t o  avoid changing t h e  s t a t u s  of equipment furnished (GFE). 

These u n i t s  are s t i l l  i n  active use  a t  Stanford on the  same type of 

work, bu t  under funding now o r ig ina t ing  from NASA/MSC Houston, Earth 

Resources Division. 

The work is  s t i l l  continuing a t  t h i s  d a t e  under NASA Cont. NAS9-7313. 

11. OBJECTIVE 

This gran t  w a s  made t o  test the  f e a s i b i l i t y  of using in f r a red  

spectrometry outs ide  the  laboratory t o  iden t i fy  and determine rocks 

and s o i l s  of geological  s ign i f icance .  During t h e  period of t he  grant  

t h e  following 

Successfully 

Unsuccessfully 

objec t ives  where achieved: 

1. Rock type materials of varying degrees of roughness 

p a r t i c l e  s i z e  and poros i ty  were observed with the  

spectrometer and diagnost ic  d a t a  iden t i f i ed .  

The analog da ta  system (which had caused so much 

delay and cos t  i n  da ta  reduct ion)  w a s  replaced by 

a f u l l y  d i g i t a l  system. This s t e p  lowered the  u n i t  

cos t  per reduced spec t ra  from $2.17 t o  13C3 a f ac to r  

of 1 7  . (Table I) 

2.  

3. A new spectrometer w a s  developed (from a bas ic  

design l e n t  by W. Hovis NASA, GSFC) and now includes 

many advances i n  d i g i t a l  formatting t o  a id  da ta  

reduction. 

1. The e f f e c t  of t h e  atmospheric path between t h e  t e r r a i n  

and the  experiment w a s  i den t i f i ed ,  bu t  i t  has not  been 

poss ib le  t o  use  these  da t a  i n  a co r rec t ive  sense. 

anyone f ami l i a r  with t h e  I R  region t h i s  is no new statement. 

We have used hor izonta l  path lengths  of over 17,000 f e e t  

To 

( i n  the  S ie r r a s )  and vertical  paths  of 10,000 f e e t ,  i n  

t h e  a i rborne  mode over Padre Is land,  Texas during periods 

of 90+% humidity. I n  both cases it  was poss ib le  t o  

determine the  rock type. 
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111. SUMMARY 

1. How are Rocks C las s i f i ed?  

Some of t h e  p r ime  objec t ives  i n  the  course of research ca r r i ed  

ou t  by geologis t s  are t o  i d e n t i f y  and c l a s s i f y  rocks and s o i l s ,  and 

t o  show t h e i r  l oca t ion  on a s u i t a b l e  map. The geologis t  uses long- 

es tab l i shed  r u l e s  and cri teria to  complete t h i s  work. For example, 

rocks are grouped i n t o  var ious  classes and given a varietal name on 

t h e  b a s i s  of such proper t ies  as rock texture and mineral composition. 

Three general  (but genetic) groups of rocks are igneous, metamorphic, 

and sedimentary, each of which is characterized;by a f a i r l y  unique 

t ex tu re .  

based on t h e  presence (or absence) and proportions of t h e  cons t i tuent  

rock-forming minerals. 

Varieties of rocks wi th in  these  t h r e e  general  groups are 

The advent of remote sensing of e a r t h  su r face  materials has brought 

about a r a t h e r  unique problem f o r  t h e  geologis t .  The proper t ies  of 

rocks observed by t h e  remote sensor are not necessar i ly  t e x t u r e  and 

mineral composition per se, but  such things as average re f lec tance ,  

average emittance, su r f ace  temperature, etc. Because rocks are 

c lass icaLly  defined i n  t e r m s  of t ex tu re  and mineral composition, t he  

problem faced by the  modern geologis t  i s  t o  r ede f ine  the  cr i ter ia  by 

which rocks are i d e n t i f i e d  and c l a s s i f i e d  i n  terms of t h e  proper t ies  

observed by a remote sensor. 

L e t  us take  a n  example t o  i l l u s t r a t e  t h i s  po in t .  Suppose an 

a i rborne  in f r a red  spectrometer i s  used t o  scan a t e r r a i n  compqaed of 

g ran i t e ,  i n  an  ove r f l i gh t ,  The spectrometer w i l l  y i e ld  a series of 

s p e c t r a l  emittances i n  the  8-13p region taken a t  i n t e r v a l s  along t h e  

f l i g h t  l i ne ,  each one corresponding t o  a patch of given s i z e  ( typ ica l ly  

W . 4 0  f t .  square) on t h e  grouna. Assuming no - a p r i o r i  knowledge e x i s t s  

of t h e  composition and t ex tu re  of t h e  rocks, then t h e  spec t r a  w i l l  

provide t h e  only criteria by which t h e  rock may be iden t i f i ed .  W e  

would hope i n  t h i s  case t h a t  t h e  spec t r a  of t h e  g r a n i t i c  rocks would 

be similar t o  o ther  spec t r a  taken of o ther  rocks and known t o  be 
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gran i t e s .  

area i n  which b a s a l t s  were exposed, another series of spec t r a  would 

be produced of t h a t  s ec t ion  of t h e  f l i g h t  l i n e .  Hopefully, t h e  ba- 

s a l t  spec t r a  would be similar t o  otIier spec t r a  of rocks known t o  be 

b a s a l t s  & d i f f e r e n t  from t h e  spec t r a  of t h e  g r a n i t i c  rocks. 

I f  t h e  f l i g h t  l i n e  w e r e  t o  be extended t o  pass over an  

The above desc r ip t ion  suggests a method by which the  i d e n t i f i c a t i o n  

of rock type based on spec t r a  alone can be made. A "library" of 

spec t r a  of known rock types i s  produced under simulated f i e l d  conditions.  

Spectra of unknown rocks are then compared s t a t i s t i c a l l y  with t h e  

"library".  

procedure i n  which the  unknown and known spec t r a  are compared and the  

r e s u l t s  might take the  form of a c o r r e l a t i o n  s t a t i s t i c .  Spectra 

taken over a g r a n i t i c  t e r r a i n  should c o r r e l a t e  s t rongly  with known 

g r a n i t e  spectra and poorly with known b a s a l t  spec t ra .  

has been used with success i n  the  Stanford. Remote Sensing Program 

( see  Table 11).  

The s t a t i s t i c a l  comparison might take  the  form of a f i t t i n g  

Thfs procedure 

The above rock i d e n t i f i c a t i o n  procedure i s  not t he  only one 

ava i lab le .  It is  poss ib le  to  mathematically determine the  proportion 

of rock-forming minerals i n  the  rock scanned from t h e  spec t r a  alone 

with a f a i r  degree of accuracy. 

exac t ly  those used by the  geologis t  t o  i d e n t i f y  t h e  rock. 

of i d e n t i f i c a t i o n  of rock type from spectrum ana lys i s  has been used 

i n  the  Stanford program previously and s o  f a r  has m e t  with l imi ted  

success,  p r inc ipa l ly  because of t he  noisy q u a l i t y  of t he  spec t ra .  

Br i e f ly ,  t he  method i s  based on t h e  assumption t h a t  a rock spectrum 

is  a l i n e a r  combination of i t s  codponent mineral spec t ra .  Using 

t h i s  mathematical model, i t  is  pass ib l e  t o  ob ta in  least squares 

estimates of ind iv idua l  weighted FomPonent mineral spectra. 

ca lcu la ted  mineral spec t r a  are then combined i n  var ious  proportions 

by a least squared method t o  g ive  an  optimum " f i t "  t o  the  rock 

spectrum. The s t a t i s t i c a l l y  derived mineral composition of t h e  rock 

i s  taken t o  be t h e  various percentages of ind iv idua l  mineral spec t ra  

whose combined spectrum give  the  b e s t  " f i t "  t o  t h e  o r i g i n a l  rock 

spectrum. 

This method y i e l d s  cri teria which are 

This method 

The 

This method of ana lys i s  has been performed on 22 "library" 
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TABLE I1 

Typical page of computer output showing analysis 
of f i e l d  spectra of granite taken a t  a horizontal 
range of 15,000 f t .  

S T A T I S T I C A L  INFORMATION 

708 GRANITE ACROSS VALLEY (15,000 F T )  

L IBRARY SPECTRA CORRELATION COEFFIC IENTS 
1st choicw 2nd choicw 3rd ehoic. 4th choice 5th choice 

Spstrumi GNTRUF 9 1  PYXAPL 90 ULOTUF 88  OBSAhO 8 2  O B S I 0 4  82  

Spwctrum~t GNTRUF 86  PYXAPL 86 ULOTUF 8 1  QBSAhD 78 OBSfD4  72  

SpestrurniII GNTRUF 67  PBSANO 67 PYYAPL 60 WLDTUF 58 QBS104 41  

S p m c t r u m ~ ~  PYXAPL 89  GNTRUF 88  kLOTUF 86 QBSAhO 79 085104 78 

S p s t r u m v  PYXAPL 9 1  GNTRUF 91  kLOTUF 88 O B S I 0 4  8 5  RYPMCE 82  

S p c h u m v ~  OBSAND 72  GNTRUF 64  MLOTUF 5 8  PYXAPL 52 RYPMCE 46 

GNTRUF 8 ( iNANITE ROUGH 
PYXAPL = PYNIJXLNE A P L I T E  
WLOTUF = h t L U E U  TUFF 
QBSAND i: OUAHTL BEACH SAND 
OBSID4 f OHSIUUAN 
RYPMCE = RHYOLITE PUMXCE 
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rock samples f o r  which both CIPW Norms (Normative Mineral Composition) 

and in f r a red  spec t ra  w e r e  ava i lab le .  

A t h i r d  method of i d e n t i f i c a t i o n  of rock types from inf ra red  spec t r a  

is ava i l ab le  t o  us  a t  t h i s  t i m e .  This method involves the  use  of mul t ip le  

l i n e a r  discr iminant  ana lys i s  i n  discr iminat ing between rock types and 

c l a s s i fy ing  each spectrum (rock) i n t o  one of several groups on s p e c t r a l  

p roper t ies  alone. A drawback of t h i s  system of ana lys i s  i s  t h a t  spec t ra  

(rocks) are c l a s s i f i e d  i n t o  pre-assigned groups, t h e  assignment of groups 

made before  the  s ta t i s t ica l  ana lys i s .  This i s  i n  no way a major cons t r a in t ,  

bu t  should be recognized. This can pre-suppose t h a t  t h e  var ious types 

of rocks f o r  which spec t ra  were taken, were known i n  general  before  hand, 

possibly through geological  ground ana lys i s  of t h e  sites scanned. A 

test group of spec t r a  from each of t he  pre-assigned groups i s  used a s  

a b a s i s  f o r  comparison wi th  t h e  spec t ra  from unknown rocks.  

program used i n  t h i s  ana lys i s  (BMD07M) treats each rock class as a 

square covariance matrix, t h e  s i z e  (N) of t he  matrix depending upon the  

number of ind iv idua l  wavelengths judged t o  give the  b e s t  c l a s s i fy ing  power. 

Each spectrum of an  unknown rocks i s  then placed i n  N-dimensional space 

based on the  N c r i t i c a l  wavelengths by the  computer program. The 

"Mahalanobis dis tance" from each ind iv idua l  rock spectrum t o  the  center  

of g rav i ty  of each of t he  pre-assigned classes i s  then computed. The 

rock i s  then assigned t o  the  class (rock type) t h a t  t o  which i t  is neares t ,  

based on the Mahalanobis d i s tance .  The program a l s o  computes canonical 

va r i ab le s ,  which are used as an  a i d  i n  graphical ly  showing t h e  dis-  

criminating power of t h i s  type of ana lys i s .  

The computer 

2.  Details of Spec t ra l  Matching Technique 

Having demonstrated t h a t  t h e  types of rock present  on a terrestrial 

sur face  do have d i f fe rences  i n  t h e i r  spectra, t h e  quest ion arises as t o  

what i s  the  most accura te  and s e n s i t i v e  method f o r  discr iminat ing between 

them. A l l  such methods r e l y  on performing some form of s p e c t r a l  matching 

o r  c o r r e l a t i o n  wi th  a l i b r a r y  of reference spec t ra .  

-6- 



One system described by Hunt, Sal isbury,  and Reed* attempts t o  i d e n t i f y  

the rocks by a n  o p t i c a l  co r re l a t ion  process which produces a v i s u a l  

image as i t s  output.  

t a r g e t  rock is  f i l t e r e d  by r e f l e c t i n g  i t  from a polished r e s t s t r a h l e n  

p l a t e  of t h e  re ference  material. I f  t a r g e t  and reference are t h e  same, 

then a s p e c t r a l  match is obtained and t h i s  appears as a minimum i n  t o t a l  

r e f l ec t ed  energy. 

t h i s  method w i l l  be  successfu l  i n  discr iminat ing anyting but  highly 

d i s s imi l a r  rocks. The necessar i ly  slow na ture  of t he  matching process 

when a l i b r a r y  of more than a few samples i s  required i s  a l s o  a disadvant- 

age f o r  spacecraf t  use.  For rapid ana lys i s  of mul t ip le  spec t ra ,  com- 

puter ized da ta  reduct ion of each and every spectrum appears t o  be e s sen t i a l .  

I n  t h i s  process, t he  incoming r ad ia t ion  from t h e  

From da ta  published so  f a r  i t  does not  appear t h a t  

(a) CORRCO Program (Pearsop's Product Moment Correlat ion Coeff ic ient)  

An example of t h e  output of t he  Stanford program wherein successive 

t a r g e t  spec t ra  were cor re la ted  with 19 reference spec t ra ,  using an  IBM 

7094, i s  shown i n  Table 11. The spec t ra  (taken i n  the  f i e l d )  were of a 

na tu ra l ly  occurring g r a n i t e  f a c e  near Tioga Pass over a hor izonta l  

pathlength about 5 km (15,008 f t ) .  

shows t h e  f i r s t  f i v e  choices from t h e  reference l i b r a r y  along with 

t h e i r  co r re l a t ion  coe f f i c i en t s .  

choices is  s i g n i f i c a n t ,  t he  co r re l a t ion  c o e f f i c i e n t s  los ing  t h e i r  ab- 

s o l u t e  value during computation. A complete discussion of t h e  program 

i s  given i n  Stanford RSL Tech Report #67-1. 

i d e n t i f y  g r a n i t e  as the  f i r s t  choice i n  th ree  cases, and t h e  remainder 

i d e n t i f y  i t  as t h e  second choice with a compositionally similar rock 

as f i r s t  choice. 

The computer p r in tou t  i n  Table 11 

In t h i s  program only the  ranking of 

The s ix  spec t ra  shown 

(b) Percentage Mineral Composition Program 

An a l t e r n a t i v e  program performs ana lys i s  i n  terms of ind iv idua l  mineral  

spec t r a  and c a l c u l a t e s  t h e  percentage of minerals needed t o  produce 

t h e  c l o s e s t  f i t  t o  t h e  sample spectrum. Hence, one obta ins  the  m h e r a l o g i c a l  

-~ * 
Reference: Hunt, G.R., Sal isbury,  J . W .  and Reed, J . W . ,  "Rapid 

remote sensing by spectrum matching technique," J. Geophys. R e s .  72, 
705-719 (1967) ' 
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composition (modal ana lys i s )  of t he  t a r g e t  roc  

output i s  given i n  Fig. 1. ere t h e  spec t r a  of 

occurring major minerals sh  

t o  produce t h e  compositional analyses of t he  unknown rocks shown. There 

i s  nothing t o  s top  t h e  program from being extended t o  include o ther  less 

abundant minerals,  although rock c l a s s i f i c a t i o n s  are based on these  5 

major minerals. This technique provides a method f o r  performing 

immediate semi-quantitative modal 

preparing t h i n  seccions and conducting laborious poin t  counts. 

(c) Adaptive Learning (Stepwise Discriminant) Program 

were computed f 

analyses,  without t h e  necess i ty  of 

A t h i r d  program w a s  generated t o  separa te  t h e  t a r g e t  spec t r a  i n t o  a 

s m a l l  number of ca tegor ies .  The computer w a s  given a " t ra in ing  set" 

of g ran i t e ,  andes i te ,  and snow spec t r a  and programmed t o  f ind  some 

combination of va r i ab le s  which would b e s t  separa te  the  given spec t ra .  

The preliminary output is p lo t t ed  i n  Fig. 2 and i t  can be seen t h a t  

i n  most cases t h e  d i f f e r e n t i a t i o n  i s  s t r i k i n g .  Figure 3 shows a 

recent  ana lys i s  of 242 ground spec t r a  with 98% c o r r e c t  i d e n t i f i c a t i o n  

of rock types. 

The canonical va r i ab le s  shown are of t he  form a x (Al) + b (A ) + 2 
c x ( A 3 ) .  . .where x ( A  ), x(A2), x(X ) etc., are the  emis s iv i t i e s  a t  

wavelengths A 1, A 2 ,  h3...AN . I n  t h i s  f i g u r e  N = 20. The constants 

a,  b y  c... were ca lcu la ted  from t h i s  group of spec t ra .  It can be  seen 

t h a t  t he re  i s  a region of indec is ion  between t h e  boundary of g r a n i t e  and 

andes i te ,  both rocks having t h e  s a m e  compositions but d i f f e r i n g  i n  

c r y s t a l  s t ruc tu re .  

used i n  the  ana lys i s .  The boundaries shown are t h e  b i s e c t o r s  of t h e  

mean va lues  of t he  t h r e e  groups. The main a t t r a c t i o n  t o  the  program 

is its a b i l i t y  t o  handle l a r g e  numbers of spec t r a  economically. 

1 3 

This i s  a l s o  complicated by t h e  noisy spec t r a  

ning" on t h e  f i r s t  sets of spec t r a ,  t h e  c o e f f i c i e n t s  of 

n t  func t ion  can be used t o  process t h e  rest of t h e  f l i g h t  

da ta .  

of rock type dec is ions  along t h e  

The output format can be  t a i l o r e d  t o  show a continuous progression 

ght  l i n e  (Table 111). 
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ACTUAL COMPUTED 

60 

40 

20 

40 

20 

Quartz 

K-Spar 

Plagioclase 

Pyroxene 

Olivine 

FIGURE 1. A remarkable 
similarity is obtained when 
rocks are analyzed by 
traditional mineralogical 
techniques (“Actual”) and 
when they are computed 
from infrared emission 
spectra. 
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d. Nearest Neighbor Program 

I n  t h i s  newly created program of ours  t he  spec t ra ,  made of x poin ts  

(x = 89) o r  96), are placed i n t o  N dimensional space upon the  se l ec t ion  

of N da ta  values (N = 10 i n  most cases) .  

spec t ra  are used with about 20 examples i n  each group. The newly 

incoming spec t ra  are located i n t o  N space the  the  region searched f o r  

K-nearest neighbors (K = 5) .  The K neares t  are ranked and a "vote" 

taken. The majori ty  decis ion sets the  c l a s s i f i c a t i o n  f o r  t he  new 

spectrum 

Again groups of t r a in ing  

Although q u i t e  new t h i s  program is already exc i t ing  our i n t e r e s t  

as a more prec ise  method of c l a s s i f i c a t i o n  than those w e  now use. 
These programs and t h e i r  r e s u l t s  are described i n  grea te r  d e t a i l  

i n  the Semi-annual and Annual r epor t s  of previous phases of t h i s  

program. 

Several f i gu res  have been prepared t o  show the  r e l a t ionsh ip  between 

the  var ious sub-tasks of t he  study. 

the in t e r r e l a t ionsh ips  of MSC a i r c r a f t  programs and t h e  da ta  pre-  

reduction a c t i v i t i e s  of MSC/CAAD. The areas of mutual a c t i v i t i e s  

I n  p a r t i c u l a r  Figure 4 def ines  

involving the  University of Nevada groups are a l s o  out l ined.  

From t h e  flow-diagram na ture  of these two f igu res  (Fig. 4 and 5) the  

connection between the  var ious a c t i v i t i e s  should become clear. 

Figure 5 is  a s t a t u s  diagram of the  ana lys i s  system, showing by 

s t i p p l i n g  the  areas present ly  "running" on the Stanford Computer. 

spec t ra  are now composed of 89 da ta  values.  

A l l  

PROGRAM #1 CORRCO (Pearson product moment cor re la t ion)  COMPLETED. 

PROGRAM #2 BMD07M (Stepwise discriminant) Now f u l l y  ON-LINE 

PROGRAM #3 PULSE (Version of #l) . Temporarily shelved. 

PROGRAM #4 NEIGHBOR. Very useful .  Now ON-LINE. 

Outputs f l i g h t  l i n e  da t a  

(Figs. 2 and 3) 
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I V .  RESULTS I 

1. Summary and Costs 

Most of t h e  r e s u l t s  from t h i s  program have e i t h e r  been reported pre- 

v ious ly  i n  t h e  our preceding r epor t s ,  o r ,  they are s t i l l  being reported i n  

the  "carry-on" cont rac t  NAS9-7313. 

Two r e s u l t s  can be i d e n t i f i e d  as being s i g n i f i c a n t l y  developed o,n 

t h i s  g ran t  and are as y e t  unreported. 

A. Ci rcu lar  Variable  F i l t e r  Spectrometer (MARK1 AND MARK 11) 

B.  D i g i t a l  Data Recording System. 

These appear here in  as Appendicies A and B. 

A considerable  amount of t i m e  and research e f f o r t  have been expended 

i n  these  two tasks .  Up t o  2/1/68 the  c o s t s  were, f o r  t h e  spectrometer 

$24,423, and f o r  the  d a t a  system $6,189. A more d e t a i l e d  breakdown of 

these  appear i n  Tablk A 1  . 
Construction, updating, and increasing t h e  r e l i a b i l i t y  of both of 

these  systems i s  a c t i v e l y  proceeding now under NAS9-7313. 
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APPENDIX A 

CIRCULAR VARIABLE FILTER SPECTROMETER 

Most of t h e  in f r a red  s p e c t r a l  s tud ie s  a t  Stanford have been per- 

farmed with the  SG-4 spectrometer system. 

with t h i s  u n i t ,  bu t  t o  s i n g l e  one out  from t h e  mult i tude it has been 

t h e  non-reproducibil ify of t h e  g ra t ing  d r ives  (and t h e  a t tendant  pro- 

blems of r e l a t i n g  radiance and wavelength) which caused us  t o  seek a 

Many have been t h e  problems 

new u n i t .  

D r .  Roger Vickers joined us  i n  Ju ly  1966 and f o r  t he  pas t  2 

years  has been iteveloping a new spectrometer concept around t h e  cir- 

cu la r  v a r i a b l e  f i l t e r  as t h e  d i spe r s ive  element. This i s  a r o t a t i n g  

wheel ( instead of a rocking gra t ing)  and has a constant  (and forward) 

motion. This leads  t o  constant  wavelength versus  angular r o t a t i o n  

versus  t i m e  graphs, bu t  a l s o  permits b e t t e r  coding of t he  angular 

motion of t he  d r i v e  sha f t .  This development now gives  u s  p rec i se  

pulses  by which t o  d r i v e  t h e  A-D radiance samples. 

The following desc r ip t ion  of t h e  system i s  taken from a for th-  

coming paper by Vickers and Lyon. 

1 .The  Stanford CVF Spectrometer 

The da ta  handling p r inc ip l e s  described i n  t h e  foregoing r epor t s  

have been incorporated a t  Stanford Universi ty  i n t o  a new MARK I1 CVF 

spectrometer working i n  t h e  7-141.1 region. This instrument i s  a n  up- 

graded design of one supplied t o  us  by W. Hovis of NASA Goddard Space 

F l i g h t  Center (MARK I),. 

measuring the  emission spec t r a  of na tu ra l ly  occurr ing terrestrial 

materials. The da ta  system accompanying t h e  spectrometer i s  a l s o  

described i n  t h i s  sect ion.  Many of t h e  mechanical f ea tu re s  of t h i s  

This new u n i t  is s p e c i a l l y  designed f o r  

spectrometer were suggested by M r .  Pe te r  Gordon of t h e  School of Earth 

Sciences a t  Stanford who a l s o  i s  responsible  f o r  t he  d e t a i l e d  design 

and cofistruction of t h e  instrument. 
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The o p t i c a l  layout w a s  shown i n  Figure A2 . The telescope, which 

is a 4" Cassegrain obtained from the  Barnes Engineering Co., has f o c a l  

planes s i t u a t e d  a t  F 

second p lane  (F ) is provided by r e f l e c t i o n  from t h e  f r o n t  sur face  of 

t he  chopper. 

view a l t e r n a t e l y  a re ference  blackbody a t  known temperature, and t h e  

t a rge t .  

viewing and in f r a red  da ta  acquis i t ion .  

and F2. As can be seen from t h e  f igu re ,  t he  1 

2 
This double-sided chopper a l s o  allows the  de t ec to r  t o  

This f r o n t  surfaced chopper provides "simultaneous" v i s u a l  

The incoming in f r a red  energy i s  then re-focussed by a KRS-5 
r e l a y  l ens  on t o  the  f r o n t  su r f ace  of t h e  f i l t e r  wheel, beyond which 

i t  is  imaged onto t h e  detector*. The viewfinder a t  F i s  relayed by 

a f i b e r  o p t i c s  bundle t o  a low power viewing microscope a t  t h e  rear 
of t h e  instrument. The operator can therefore  "sight" roughly over 

the  top of t h e  spectrometer, and then l o c a t e  t h e  exact t a r g e t  area 

simply i n  t h e  microscope viewer. 

and o p t i c a l  a x i s  of t h e  instrument is  of very important p r a c t i c a l  

s ign i f i cance  i n  the  f i e l d .  

2 

This para l le l i sm af l i n e  of s i g h t  

2. The Reference Blackbody 

The blackbody re ference  used i s  a thermoelectric cooler coated 

with Minnesota Mining and Manufacturing's black pa in t .  

is i n  thermal contac t  wi th  a s u b s t a n t i a l  hea t  s ink .  A s m a l l  thermistor 

bead is  epoxied on the  coo l  blackened s i d e  of t h e  u n i t  and has i t s  

output fed t o  a n  ex te rna l  d i g i t a x  thermometer f o r  monitoring re ference  

temperatures. 

s t a b i l i z e d  a t  about 2OoC below ambient. 

on the  f a c e  of t he  blackbody can occur a t  t h i s  temperature d i f f e r e n t i a l ,  

bu t  does not c o n s t i t u t e  a problem s ince  water i t s e l f  is  a good blackbody 

i n  t h e  7-141.1 region. 

The cooler 

The cooler is  dr iven  by a constant cu r ren t  source, and 

Some depos i t ion  of moisture 

*Presently an  immersed thermistor de t ec to r  on loan from W. Hovis, 
NASA/GSFC. 
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A b e t t e r  blackbody can b e  made by epoxying a p iece  of aluminum 

honeycomb t o  the  f a c e  of t h e  cooler  and spraying with 3M's matte black. 

However, t h i s  arrangement presents  too high a thermal load f o r  small 
cool iag elements and cooling e f f i c i ency  is  impaired. 

3.  Mechanical Design 

Figures A 1  and A2 show t h e  layout  of t h e  Stanford CVF spectrometer. 

A s h a f t  encoder wi th  a r e so lu t ion  of 10-bits (approximately 1000 pulses  

per revolut ion)  i s  keyed on t o  the  same s h a f t  t h a t  d r ives  the  CVF. 
Thus any pos i t i on  of t he  f i l t e r  wheel can be  uniquely defined by a 

combination of b i t s  from the  encoder, o r  more simply by counting t h e  

number of pulses  from the  encoder's most rapidly-changing output  from 

some a r b i t r a r y  zero. The zero pos i t i on  is  of course set t o  correspond 

t o  0" on t h e  f i l t e r  wheel - t he  s ta r t  of a spectrum. 

Since the  f i l t e r  wheels are usua l ly  constructed t o  g ive  two 

spec t ra  per 360" of ro t a t ion ,  a 10-bit encoder allows up t o  500 samples 

t o  be taken per spectrum. This appears adequate f o r  t he  present  s ta te  

of t h e  a r t  which l i m i t s  c i r c u l a r  v a r i a b l e  f i l t e r s  of t h i s  type t o  1.0 

t o  1.5% reso lu t ion .  

It w a s  found i n  the  ea r ly  MAN I vers ion  of t h i s  instrument t h a t  

many components i n  the e l ec t ron ic s  (ba t t e r i e s ,  de tec tor ,  s igna l  cab les ,  

etc.)  were suscept ib le  t o  in t e r f e rence  from a l t e r n a t i n g  magnetic f i e l d s .  

I n  t h i s  instrument therefore ,  both chopper and CVF d r i v e  motors are 

of t h e  hys t e re s i s  synchronous type, chosen because of t h e i r  low ex- 

t e r n a l  magnetic f i e l d .  A lamp-phototransistor combination de tec t s  

t he  chopper frequency and provides a reference s i g n a l  f o r  t h e  

synchronous demodulator ( I thaco Model # 351 ) mounted a t  t h e  rear of 

t h e  spectrometer . 
Detector b i a s  i s  provided by b a t t e r i e s  mounted away from any 

60 cps f i e l d s .  

of 60 cps s igna l s  could b e  very d i f f i c u l t  due t o  t h e  high impedance 

of t he  de t ec to r ,  Consequently, i n  t h i s  spectrometer, a l l  s i g n a l  

and b i a s  leads  were taken t o  a common ground a t  the  input  t o  t h e  low 

noise  amplif ier .  Also anodizing w a s  avoided wherever poss ib le  s ince  

i t , l e a d s  t o  very  poor grounding of components. 

It w a s  found during e a r l y  design e f f o r t s  t h a t  removal 
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4 .  Stanford Data Handling System 

The da ta  flow from spectrometer t o  tape  recorder  i s  cont ro l led  

A data  flow diagram i s  given by a series of simple log ic  c i r c u i t s .  

i n  F igure  . Most of t he  diagram is  self-explanatory.  The two "write" 

in s t ruc t ions  are used i n  dr iv ing  t h e  "data-gates" before  being combined 

and fed  i n t o  the  tape recorder .  A delay .of 100 psec is included t o  

allow a l l  the  ga t e s  t o  open f u l l y  before  t h e  "write" operat ion takes 

place.  I n  t h i s  system, the  i d e n t i f i c a t i o n  da ta  i s  w r i t t e n  during a 

gap i n  recording which i s  created by blanking out  a l t e r n a t e  180' 

s ec to r s  of t he  wheel. The t i m e  t h a t  would have been occupied by t h e  

second spectrum i s  now used f o r  wr i t ing  i d e n t i f i c a t i o n  da ta ,  thereby 

avoiding t h e  use  of l a r g e  o r  high speed mult iplexers .  The mult iplexer  

needed f o r  t h i s  system has i n  f a c t  only s i x  channels. 

Se lec t ion  of t he  half  of t h e  f i l t e r  wheel t o  be  used i s  accomplished 

by ga t ing  t h e  "write" in s t ruc t ions  with a s u i t a b l e  output from t h e  

encoder. 

gap" in s t ruc t ion .  Thus t h e  system records a sequence of :  

Another output,  a f t e r  s u i t a b l e  gat ing produces t h e  "record 

I d e n t i f i c a t i o n  Data 

F i r s t  Spectrum 

Record Gap 

I d e n t i f i c a t i o n  Data 

Second spectrum 

Record Gap, e tc .  

A t  t he  end of a recording sess ion  a " f i l e  gap" can be  entered 

manually which enables t h e  computer t o  separa te  those da t a  from 

spec t r a  recorded t h e  next day ( fo r  example). 

I n  using t h i s  system, t h e  f i r s t  record on t h e  tape  i n  any da ta  

set is  used as a means of i d e n t i f i c a t i o n  f o r  t h e  whole group of 

spectra .  

Various levels of soph i s t i ca t ion  are poss ib le  i n  ident i fy ing  

groups of spec t ra .  

by : 

I n  t h e  Stanford system, t h e  s p e c t r w  is iden t i f i ed  

-A4- 



a )  t h e  Tape Number 

b) Spectra group number (used i n  conjunction with f i e l d  notes 

c )  Spectrum number (denotes t h e  spectrum wi th in  a given 

(recorded on the beginning of each tape) 

t o  iden t i fy  the  sample) 

group) 

By using these  th ree  numbers3 any spectrum on a given tape should be 

capable of s e l ec t ion  (or being by-passed) by the  computer. 

addi t ion  a number of temperatures e s s e n t i a l  t o  t h e  reduction of our 

spec t r a  are recorded during the  i d e n t i f i c a t i o n  sequence. 

I n  

5 .Other CVF Tns truments 

The instrument described here  w a s  developed pr imari ly  as a ground 

based u n i t  f o r  work on NASA's remote sensing program. 

CVF spectrometer w a s  procured by NASA/MSC f o r  use i n  the  a i rborne  

phase of the  same program. This instrument w a s  b u i l t  by Lockheed 

Missiles and Space Co., Sunnyvale, Cal i forn ia ,  under the  d i r e c t i o n  

of M r .  Jere Pat terson,  and i s  capable of taking s i x  spec t ra  pe r  second 

i n  the  6.5-131.1 region. 

coding analogous t o  the  s h a f t  encoder used i n  the  Stanford instrument. 

Although the  da ta  recording system present ly  used i s  analog, t he  

computer processing performed by NASA/MSC c lose ly  approximates the  

philosophy described i n  t h i s  paper. This t i m e  t he  computer (and 

not  the  A-D converter)  is  ins t ruc ted  t o  pick out  a d i g i t a l  sample 

from the  spectrometer output every t i m e  a pulse  from t h e  CVF edge- 

coding appears. 

An advanced 

Its f i l t e r  wheel is equipped with an edge- 

P r io r  t o  the  development of t h i s  instrument, Hovis a l s o  flew 

a balloon and an  airborne CVF spectrometer similar t o  our MARK I 

design, but  the  da ta  handling system w a s  a very simple analog 

recording. 
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CVF SPECTROMETER COSTS 

Man Mo. 
LABOR 
1. P r o f e s s i o n a l  

Bui ld ing ,  

B u i l d i n g  , 

3. Clerical 

LABOR + OVERHEAD 
AND BENEFITS 

TOTALS TO 2/1/68 I 

TOTAL 

(79%) (3%) 

B. RSGITAL DATA SYSTEM COSTS 

NASA HDQ.Urant NASA HOUSTON 

- - ffARDWARE 
H a r  dwar e 
D i g i t a l  Recorder  3 , 9 6 4  - 

LABOR 
1. P r o f e s s i o n a l  

B u i l d i n g  , 
R e p a i r ,  Main. 

2. Sub-profess iona l  
B u i l d i n g  , 
Repai r  , Mian. 

3. Clerical 

LABOR 
LABOR + OVERHEAD 
AND BENEFITS 

TOTALS TO 2/1/68 

(74% 

GRAlVD TOTAL OF 
BOTH EFFORTS 

i 
1 

$19,227 1 .  5,692 
I r 

964 

1312 

100 
2376 
3991 

4116 
_r_i 

(17%) 

lASA HUNTSVILLE 

$ 760 

Man Mo. $ 

0.3 

0 .2  

0 . 5  

386 

100 

486 

816 

$1,576 

(26%) 

,5692 

$ 12,928 
4,059 

$ 16,987 

$ 3,015 

1.312 

100 i 

4,427 

7,436 

24,423, 

OTAL 

$ 760 
3 , 9 6 4  .. 

100 

87 2 

1,464 

6,189 

(63%) 

-46- 

(18.5%) (18.5%) 
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1. FUNCTIONAL SPECS FOR DATA SYSTEM.. 

Unit must perform the  following funct ions:  

a )  Convert input  (one channel) s i g n a l  on command 
Conversion r a t e  = lO/sec t o  100/sec (SG-4) 

lO/sec t o  xOO/sec (Stanford C.V.F.) 
650/sec (NASA C.V.F.) 

Conversion command w i l l  be a l e v e l  change (zero crossing)  on a 
OV-1OV square wave. 
accompanied by contact  noise  from the  brush t h a t  generates t h i s  
s igna l  . 

I n  t h e  case of t he  SG-4, t h i s  w i l l  be 

b)  A t  the  end of each spectrum, generate "record gap" command (+lOV 
pu l se ) .  End of spectrum i s  denoted by encoder pulse:  

Encoder Pulse (+5V) from SG-4 (with brush noise)  
Encoder Pulse (+lOV) from Stanford C.V.F. 
Encoder Pulse (+5V) from NASA C.V.F. 

e )  Count spec t ra  and d isp lay  count. 

d) Allow operator option t o  blank a l t e r n a t e  spec t ra .  Alternate  
spec t ra  may be i d e n t i f i e d  by 

Level Change (1OV) on Stanford C.V.F. 
Ramp Voltage (-3V to -0.5V) on SG-4. 
Level Change (0- 5V) on NASA C .V.F. 

e )  A t  beginning of each spectrum, read-in i d e n t i f i c a t i o n  da ta  (see 
l a t e r  specs ) . 

f )  Required specs f o r  A-D and Logic System 

Resolution 
Conversion Speed 
Accuracy 
T emp e r  a tu r  e 
Humidity 
Al t i tude  
C ompatab ili t y  

Power 

10 b i t s  + s ign  
A t  l e a s t  1000 samples/sec. (asynchronous) 
0.1% 

0% - 80% 
o - 50,000 f t .  
SG-4 Spectrometer 
Standard C .V.F. Spectrometer 
NASA/MSC c .v.F. Spectrqineter 

0°C - 70°C 

115 VAC 50-400 HZ 

g)  Logic Board Spec i f ica t ions  

1) Inputs t o  Recorder 
Data Lines = ov (=O) + 1ov (=1) 

Data must be t r u e  5Opsec before wr i t i ng  

Write 1 / ~  = + ~ O V  pulses  ( >100psec) Spacing XmSec 

:;Q;b- 



Record Gap = + ~ O V  pulse  (2 100psec) 

2) Logic Inputs  
Encoder Outputs = OV - 1OV pulses 

Power = 1OV 8 250 m amp. 

Wavelength ramp (For SG-4 option) = -3V t o  - 0.5V 
(= unmodified SG-4 oukput) 

3) Logic Outputs 
Hold DVM = +5V l e v e l  

Recorder Inputs  as spec i f ied  above 



11. CIRCUIT DESIGN 

1. Overall System Descript ion 

The SG-4, which is  comprised of a g ra t ing  spectrometer and associated 

con t ro l  package, has been modified extensively t o  permit t h e  use  of a 
l i q u i d  helium cooled in f r a red  de tec tor .  These modifications include 

r e l a y  o p t i c s  ($80001, a Ge:Cu detector/dewar ($4500) along with mounting 

hardware and de tec tor  preamplif iers .  

modifications include t h e  add i t ion  of a "sample and hold" c i r c u i t ,  a 

ramp generator ,  panel mounted meter f o r  continuous ind ica t ion  of g ra t ing  

pos i t i on  and provis ions t o  supply se lec ted  wavelength encoder outputs  t o  
timing and con t ro l  l og ic .  

a n  A/D converter  w a s  a l s o  modified t o  accept  an  ex terna l  command t o  

hold BCD output r e g i s t e r s  during da ta  t r ans fe r  t o  the  d i g i t a l  t ape  re- 
corder w r i t e  ampl i f ie rs .  Figure B 1  i s  an  o v e r a l l  system diagram. 

The cont ro l  e l ec t ron ic s  package 

The d i g i t a l  voltmeter which is  u t i l i z e d  as 

The process of recording s p e c t r a l  da ta  i s  begun i n  the  SG-4 spec- 

trometer from which the re  are 4 sepa ra t e  outputs.  

s igna l  is produced by the  de t ec to r  as the  d i f f r a c t i o n  gra t ing  scans t h e  

incoming r a d i a t i o n  i n  t h e  band from 6.66 microns t o  11.75 microns. 

s i g n a l  i s  routed t o  t h e  d i g i t a l  voltmeter where i t  is d ig i t i zed  i n  BCD 

format, and a l s o  sen t  t o  t h e  v e r t i c a l  de f l ec t ion  c i r c u i t  of t h e  osci l loscope.  

The ramp output ,  a vol tage  which v a r i e s  from -3.OV a t  beginning of up- 

ramp t o  -0.5V a t  end of up-ramp, i s  appl ied t o  t h e  control-and-timing 

log ic  and t o  t h e  hor izonta l  de f l ec t ion  c i r c u i t  of t h e  osci l loscope.  

There, i n  combination wi th  the  radiance analog s igna l ,  a n  " in tens i ty  

versus  wavelength" waveform i s  displayed f o r  system monitoring (and 

photographic recording) .  

The analog radiance 

This 

Two other  outputs ,  both square wave, are produced by a n  encoder 

connected t o  t h e  d i f f r a c t i o n  gra t ing .  One of t he  two outputs  are 

96 level  changes (48 pulse  square wave, 0 t o  +1OV) dur ing t h e  ramp 

period. 

one a t  the  end ramp (see Figure B2). 

The o ther  is two +1OV level changes, one a t  t h e  beginning and 

-B3- 



During one scan  of t h e  t a r g e t  spectrum the re  are 198 bytes  (6 b i t s )  

of information placed on t h e  tape.  This comprises one record.  Within 

each record the re  are 6 bytes  of i d e n t i f i c a t i o n  da ta  (see App. By Sect.  Ti) 
and 192 bytes  of s p e c t r a l  da t a .  Defining a word as 2 bytes ,  i t  i s  seen 

t h a t  t he re  are 96 words of s p e c t r a l  da ta ,  two f o r  each of t h e  48 square 

wave pulses .  Since t h e  recorder  has s i x  da t a  channels and s ince  each 

A/D conversioti produces a 1 2  b i t  BCD output ,  t he  d i g i t i z e d  da ta  i s  re- 

corded as two cotisecutive bytes .  Each two byte  word is read and re- 

ccmbined by the  computer. The c o r r e l a t i o n  of a given da ta  word with a 

wavelength i s  accomplished through counting t h e  da t a  as i t  i s  processed. 

A dera i led  desc r ip t ion  of t he  timing and cont ro l  l og ic  i s  given i n  

Appendix B y  Sect ion  V .  

-B4 - 
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Encoder Output  

Sample and Hold 

D . V .M. "Hold" 

Write P u l s e  
Genera t o r  

Write P u l s e s  

FIGURE B2 --Timing Diagram 
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2.. Signal  Channel 

The radiance s igna l  from t h e  spectrometer i s  f ed  d i r e c t l y  t o  the  A-D 

converter,  where it i s  continuously d i g i t i z e d  at high speed. 

of t he  converter i s  held constant during a "write" per iod by t h e  appl i -  

ca t ion  of a +5V s i g n a l  to an i n t e r n a l  "hold" l i n e .  Pr ior  t o  the  output 

being held cons t ra in t ,  a "sample and hold" c i r c u i t  i s  ac t iva t ed  on the  

convertor input.  The purpose of t h i s  i s  t o  allow the  converter t o  come 

The output 

t o  equilibrium before holding t h e  d i g i t a l  output.  

The conversion cycle  i s  i n i t i a t e d  on board th ree ,  where a one-shot 

c i r c u i t  generates t he  "sample and hold'' i n s t ruc t ion ,  and 30mSec l a t e r  

allows t h e  recording sequence to start .  The in s t ruc t ion  for t h i s  i s  

generated by a monostable on board two, and i s  present ly  7mSec long. 

It emerges on pin 9 bd. 2.  Two other monostables on the  same board 

generated two ''write'' pulses (present ly  2 1/2mSec a p a r t )  which a r e  summed 

and f ed  to t he  Kennedy recorder.  The timing of these  two pulses  i s  

cont ro l led  by the  two 50K p rese t  potentiometers on board two. Swmaing 

i s  achieved on board four .  The f i r s t  two t r a n s i s t o r s  on t h i s  board in-  

v e r t  t h e  pulse ,  t he  second two buffer  and add, and the  t h i r d  two form a 

Schmitt Trigger which shapes t h e  pulse.  

The wr i t e  pulses  a l so  have to be delayed 5OPec. i n  order to allow 

t h e  Kennedy to accept t he  input da ta  before wr i t ing .  Delay i s  accomplished 

by the  two 33K summing r e s i s t o r s  and the  associated 0 .1  pf capaci tor  

(board 4) .  

Before summing, t he  w r i t e  pulses  a r e  fed  to two ga te  d r ive r s  on 

board 9. Each dr iver  suppl ies  s i x  gates  (boards 8 and 7) wi th  a s t robe 



pulse  connecting a da ta  l i n e  with the  tape recorder .  Each of t he  Kennedy 

outputs i s  therefore  connected to two data l i n e s  sequent ia l ly ,  thereby 

wr i t i ng  t h e  first s i x  and second s i x  b i t s .  The f irst  byte  contains the  

most s i g n i f i c a n t  b i t s ,  % i t h  the  MSB next to t h e  p a r i t y  channel on tape.  

3 . Encoder Outputs 

Two outputs a r e  used f r o m t h e  encoders; one to denote "end of spectrum" 

and one ( the  l Q t h  b i t )  to provide sampling in s t ruc t ions .  Both outputs a r e  

buffered from t h e  l o g i c  by a DC coupled mul t iv ibra tor ,  whose time constant 

i s  s e t  t o  be long enough to r e j e c t  any brush noise  from the  encoder. These 

noise discr iminators  a r e  on boards 9 and 1. Since t h e  per iod of a 

spectrum a l s o  determines the  time during which brush noise i s  generated, 

a f ixed  value of time discr iminat ion w i l l  s e t  a l i m i t  on the  maximum 

s p e c t r a l  period. The values a r e  adjusted by varying t h e  two cross- 

coupling capaci tors  on each mul t iv ibra tor .  Present ly ,  t he  values w i l l  

permit spec t ra  from 2 secs .  to 11 secs.  Ind ica t ion  t h a t  brush noise has 

occurred w i l l  be given by the  computer p r in t ing  out ' ' to ta l  count error" .  

The encoder ''end of spectrum" output t r i g g e r s  a b i s t a b l e  (on board 

f i v e )  and i s  gated wi th  output from t h e  b i s t a b l e  on board s i x  (and ga te ) .  

The r e s u l t a n t  waveform i s  pos i t i ve  for each a l t e r n a t e  spectrum but goes 

negative j u s t  before the  g ra t ing  reverses  d i rec t ion .  This pos i t i ve  wave- 

form ga tes  ON t h e  "write" generator by t h e  gate  on board one. (The s i g n a l  

i s  f ed  through th ree  diodes simply t o  sub t r ac t  2V from t h e  DC l e v e l ) .  

The "ON" condi t ion i s  synchronized to UP-RCIMP spec t ra  by b ias ing  the  

b i s t a b l e  wi th  a modified. vers ion of t he  XG-4 wavelength output.  DOWN- 

RAMPS can be se lec ted  by reversing t h e  switch on board s i x .  

r t  

. . .  



4 . Writ,e, -1ns-t;ru.cAions 

Most of t h e  write pulse  generation has been described, but  a few 

funct ions on board one remain. 

vides 48 pulses  per spectrum. 

The encoder output (10th b i t )  only pro- 

By using both +ve and -ve edges we can 

obta in96  pulses .  

s t a b l e  noise discr iminat ion previously mentioned. 

The f i r s t  two t r a n s i s t o r s  on board one form t h e  mono- 

The following p a i r  take 

antiphase outputs from the  monostable, d i f f e r e n t i a t e  them and add t h e  

r e s u l t .  The output of these two i s  therefore  a pos i t i ve  pulse  every time 

the  encoder changes i t s  l e v e l .  These pulses can e i t h e r  be passed t o  p in  

12  of board one, or shorted t o  ground, depending on the  s t a t e  of the  

ga t ing  c i r c u i t  formed by the  t h i rd  t r a n s i s t o r  p a i r .  

5 . Location qf Maj,o,r Logi,c+ Units 

Sample and Hold amplif ier  

Timing generators 

Ramp se l ec to r  

A 9 D output "hold" generator 

'Vr i t e  " generators 

Ramp synchronizing 

Kennedy "write" in t e r f ace ,  and 50 VSec delay 

Board 3 
Board 2 

Board 6 
Board 2 

Board 2 

Board 5 
Board 4 

r R 9 -  



5 . Identj-f i c a t  i on. Data 

The i d e n t i f i c a t i o n  data f o r  each spectrum comprises s i x  bytes of 

s i x  b i t s  each. The da ta  i s  as follows: 

1. Blackbody Indica tor  

2. Spectrum Group No.  

3. Blackbody Temperature 

4. Target Temperature 

5. Spectrum Number 

6. Zero byte  f o r  computer synchronizing. 

The f i r s t  four bytes a r e  s e t  by a s e r i e s  of handswitches. The spectrum 

number i s  provided by a s i x  s tage  binary counter,  and the  zeros a r e  s e t  

automatical ly  on t h e  s i x t h  byte .  

The log ic  f o r  recording t h e  I . D .  data is  loca ted  behind t h e  switch 

panel  on two boards. 

i n t eg ra t ed  c i r c u i t s  used r-un of f  a separate  1OV regulated power supply, 

and not  f r o m t h e  Kennedy, as i n  t h e  case of t h e  r e s t  of t h e  log ic .  

Beeause of t h e i r  high current  consumption, t he  

i , '  . .  
, .  

I /  * -  < , > I .  

The functiqns performed by the  l o g i c  are: I .  

a) Count record gaps = Spectrum N o .  ; 

b) 

c )  Gating the  handswitch data .  ( ' 

Six b i t  s h i f t  r e g i s t e r  wi th  wr i t e  command generation : '. ,  
11 I t  b and "c" can be considered as a s ix-pole ,  six-way multiplex u n i t .  

The only i n f o r m t i o n  required to follow through the  operat ion of t h e  

s h i f t  r e g i s t e r  i s  t h a t  t h e  f l i p  f lops  t r i g g e r  on a negative going s igna l ,  

and the s ing le  shots  t r i g g e r  on a positive s igna l .  

t h e  Kennedy "gap i n  process" s i g n a l  t r i g g e r s  t he  first s ing le  shot ,  and 

s e t s  a "1" i n  t h e  f i r s t  s h i f t  r e g i s t e r  s tage.  

switches ( i . e . ,  t he  first byte)  to be gated through to t h e  Kennedy inputs .  

After a delay of 2 mSec produced by t h e  sequent ia l  f i r i n g  of t h e  other  

s ing le  shot u n i t s ,  t h e  "1" i s  t r ans fe r r ed  to t h e  second s tage  of the  

s h i f t  r e g i s t e r ,  

off  &ind routed t o  t h e  Kennedy. 

a r r i v e s  i n  s h i f t  r e g i s t e r  6. 

The t r a i l i n g  edge of 

This allows t h e  first six 

I n  the  middle of t h i s  cycle,  a "write" command i s  picked 

The cycl ing continues u n t i l  t he  "1" 

The output of t h i s  element i s  a l s o  connected 

-BI a- 



t o  a ga te  in t he  delay loop, and prevents more than six write pulses 
being generated. 

The record gap s igna l  i s  also used as t h e  input t o  a six bit counter 
(spectrum number). 

,4311- 



- Handswitch Table 

HANDSWITCHES ARE I N  GROUPS OF SIX. (SEE ' Fig-BJ,. 1 
SWITCH 3- BLACKBODY INDICATOR (ALL "i'k = BLACKBODY) 

2 SPECTRUM GROUP NO. 

3 BLACKBODY TEMP. 

4 TARGET TEMP. 

5 SPECTRUM COUNT 

6 ZEROS (COMPUTER ERROR DETECTION BYTE SET AUTOMATICALLY) 

SWITCH CODING TABIZ 

DOWN = 0 U P  = 1 

SWITCH DECIMAL NO. 

000000 

100000 

010000 

110000 

001000 

101000 

011000 

111000 

000100 

100100 

010100 

110100 
001100 

101100 
011100 

111100 

000010 

100010 
010010 

110010 

\ 

0 

1 

2 

3 
4 
5 
6 
7 
8 
9 
10 

11 

1 2  

13 
14  
15  
16 
17 
18 

19 

TEMP. 

0°C 

3°C 
6"c 
9 ° C  

1 2 ° C  

15 "C 

- 

18 "c 
21°C 

24°C 

27°C 

30 "C 

33°C 

36"c 
39°C 
42 "C 

45°C 

48 "c 

54°C 

57 "c  

51°C 
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SWITCH 

001010 

101010 

011010 

111010 

000110 

100110 

010110 

110110 

001110 

101110 

011110 

111110 

000001 

DECIMAL NO. 
20 

21  

22 

23 
24 
25 
26 
27 
28 

29 
30 

3 1  

32 

T W .  
60 O c  

63 O c  

66"c 
69 O c  

75°C 
78 "C 

81"c 
84 Oc 
87 "c 
90°c 

93°C 
96"c 

- 

72 "C 

etc. 



111. OPERATIONAL GUIDES FOR MISTING SYSTEM 

1. Se t t ing  t h e  Tape Number 

The tape  number i s  a th ree -d ig i t  decimal number recorded during the  

f i r s t  day of any tape.  It i s  s e t  by ad jus t ing  the  D.V.M. input  u n t i l  

t h e  des i red  number i s  displayed i n  the  f r o n t a l  panel,  then by put t%hg ~ 

t h e  D.V.M. i n  a "hold" condition. The D.V.M. input  can be var ied by 

a) disconnecting the  r e a r  input cable  and subs t i t u t ing  a ba t t e ry  

p lus  potentiometer i n  the  f r o n t  input .  (5K or 10K w i l l  do) 

OR 

b)  varying the  SG-4 gain u n t i l  the  desired number i s  seen. 
- 

Alternat ive 

' b '  i s  obviously quicker,  but t he  operator must remember to r e s e t  t he  gain 

afterward to t h e  previous value. 

Procedure : 

This i s  a one time/tape operation. 

1/ Point spectrometer a t  blackbody. 

21 Check viewfinder i s  out. 
3/ Stop SG-4 scan (dawn ramp) a t  high point  of spectrum. 

4/ Adjust SG-4 gain to give desired number. (For two d i g i t  number, 

s e t  D.V.M. on lOOv range,)  

5/ Put D.V.M. on "HOIB" 

Tlie f i r s t  spectrum recorded w i l l  now cons is t  of t h i s  number alone, 

followed by a record gap, followed by the  I.D. da ta  for t he  next spectrum. 



2. Se lec t ing  Scan Speed 

The Model 8409 D.V.M. p resent ly  (June 20) i n s t a l l e d  w i l l  not allow 

s p e c t r a l  speeds sho r t e r  than 8 seconds. 

approximately t o  pos i t i on  5 on t h e  scan switch. 

from 2 to 10 seconds; t h e  range can be changed as  described i n  "SG-4 

Modification I" note.  

This p re sen t ly  corresponds 

The SG-4 present ly  scans 

The Honeywell Model 85 (used at  Indio)  allows 1 second scan when 

operat ing a t  maximum speed. 

. I . .  . . . , .  . 

The log ic  boards contain one adjustment r e l a t e d  t o  the  p a r t i c u l a r  

D.V.M. used and hence t o  t h e  scan Fpeeds. This i s  the  "sample and hold" 

time cont ro l ;  t h e  only potentiometer cn board three .  

Procedure: 

1/ Look up D.V.M. specs fo r  "conversion time." 

s a f e t y  f a c t o r .  

Connect scope probe t o  p in  3, board 10. 

Se t  scope cont ro ls  t o  5v/cm and 5mSec/div. and Trigger = IN", 

FAST A.C., -ve. 

Adjust board three  potentiometer u n t i l  pulse  i s  the  des i red  

length as  i n  1. I f  t h e  con t ro l  i s  turned t o  i t s  extreme, 

o s c i l l a t i o n s  w i l l  r e s u l t .  Should such extreme changes i n  timing 

be required,  increase l p f ,  then make t h e  adjustment. As present ly  

wired, t h e  timing can be var ied  from lOmSec t o  35mSec. 

Add 25% for  a 

21 

3/ 

4/ 
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4. Se lec t ing  t h e  SG-4 Gain 

This must be done p r i o r  t o  t h e  beginning of a recording session.  

The gain may be changed during the  recording, but  no provis ion e x i s t s  

for pu t t ing  t h i s  information on tape.  

therefore  the  maximum allowable voltage from t h e  SG-4 must be s e t  f o r  

l e s s  than t h i s .  

The SG-4 c l i p s  da t a  at  +7 Volts,  

A second cons t ra in t  i s  t h a t  the  D.V.M. i s  now (June 20, 

1968) s e t  t o  accept negative voltages and therefore  has i t s  range from 

+5v t o  -5v. 

The output must not therefore  exceed 5 . 0 0 ~ .  The h o t t e s t  spec t ra  

w i l l  be those f o r  a blackbody, therefore  the  set-up procedure i s  as 

follows : 

1/ Point spectrometer at blackbody. 

2 /  Check t h a t  t h e  viewfinder is  out .  

3/ Stop SG-4 scan on highest  po in t  of spectrum. 

4/ Adjust gain u n t i l  D.V.M. reads under 5 . 0 0 ~ .  
expected t o  ge t  h o t t e r ,  s e t  a t  4 . 0 0 ~ .  t o  allow f o r  increased 

radiance l e v e l s  l a t e r .  

Note ga in-se t t ing  i n  f i e l d  sheet .  

If conditions a r e  

5/ 



?.Changing t h e  Grating Se t t i ng  and Encoder 

The g ra t ing  can be r e s e t  as required (see SG-4 manual), but t he  

encoder must be r e s e t  a l so .  If possible ,  the  two should be marked before 

moving so that approximate realignment i s  poss ib le .  

co r rec t  scope ( w i t h  wave- Having found t h e  approximate alignment, 

l ength  dr ive  on X a x i s ) ,  as follows: 

Use dual  t r a c e  amplif ier  

Trace 1. Pin 4 Board 1 

Trace 2. Pin 9 Board 5 

Trace 2 should show a s ing le  l e v e l  change at 

Minute adjustments of t h e  encoder pos i t i on  w 

each end of t he  spectrum. 

11 a f f e c t  t h i s  cutput  

g rea t ly ,  it i s  an accurate  adjustment. Trace one should show rap id  l e v e l  

change w i t h  a high l e v e l  a t  each end. 



IV .  OPERATIONAL CHECKLIST FOR EXISTING SYSTEM 

1. ERASE TAPE 

2. SET SWITCHES AS FOLLOWS 

D.V,M. 

POWER 

D I G I T  READINGS 

PRINT CONTROL 

RANGE 

"AGC" 

SCAN 

GAIN 

SCAN SPEED 

BANDWIDTH 

FILTER 

= ON 
= 

= HOLD 

TAPE NUMBER ( 3 # ' s  c loses t  t o  f s ign  fou r th )  

= iov (SENSITIVTTY) 
= c r ~ ~ ~ "  

= OFF 

= VARIABLE: (Reset After  Tape # Operation) 

= #5 (12.5 sec. period or 25 sec. UP and 
DOWN ramp) 

= 12 

= #1 (POLY i s  #4) 

Note dawn gain s e t t i n g  giving blackbody neak less than 5V. 

O/SCOPE 

3 A 1  CH2 t o  Kennedy Lef t .  

2 ~ 6 0  INPUT t o  Kennedy Right.  

C H I  open. Both set on DC ( top 5V/div., 
bottom IV/div. ) 

S e t  on DC ( s e t  a t  O.O5V/div ) 
SWITCH ON CH2 

LOGIC 

1/ WRITE = OFF 

2/ POWEB = ON 

i/ BLACKBODY (TARGET)' = 111111 ( A l l  up) 

2/ GROUP NUMBiR . = iooooo (LEFT TO RIGHT$ 

3/ TEMPWYURE SWITCHES (2) = AS SET-UP TABU3 

4/ COUNTER = PUSH RESET BUTTON 

-31 9- 



LOAD TAPE 
PRESS "LOAD FORWARD" 

( T a p e  r e e l  ro ta tes  
F i l e  Gap m a r k s  end) 

OPEBATION 

1. SG-4 SCAN = ON 

LET SG-4 RUN FOR AT LEAST TWO SPECTRA TO SYNCWRONIZE LOGIC WITH UP- 

RAMPS (NO KENNEDY SOUND) 

2. STOP SCAN I N  MIDDU OF DOWNLRAMP 

3. WRITE FIRST RECORD AS FOLLOWS 

1/ 
2 /  SCAN = ON 

3/ RECORD ONE "SPECTRUM" 

4/ SCAN = OFF 

WRITE SWITCH = ON, RESET COUNTER 

4. WRITE SECOND AND SUBSEQUENT SPECTRA AS FOLLOWS 

1/ 
2 /  SCAN = ON 

3/ SET TEMPERATURES 

4/ 

D.V.M. PRINT CONTROL = TRACK 

AFTER THE RECOFU) GAP FOR THE LAST BUT ONE SPECTRUM WAS BEEN 
RECORDED, THE I . D .  SWITCHES MUST BE SET UP FOR THE NEXT 

SAMPLE. (CHANGE BB SWITCH TO ALL DOWN) 

MOST IMPORTANT IS  TO ADVANCE THE GROUP NUMBER BY ONE. 
ADVANCE GROUP NUMBER BY 1 5/  

6/ RESET COUNTER 

7/  RECORD LAST SPECTRUM 

8/ SCAN OFF 

5. CHANGE TARGET 

1/ SCAN = ON 

2 /  SET TEMPERATURES 

3/ AFTER THE RECORD GAP FOR THE LAST BUT ONE SPECTRUM HAS BEEN 
RECORDED, THE 1.3). SWITCHES MUST BE SET UP FOR THE NEXT 
SAMPLE. (BB SWITCHS ALL DOWN) 

MOST INPORTANT IS TO ADVANCE THE GROUP NUMBER BY Om. 



4/ 
5/ RESET COUNTER 

ADVANCE GROUP NUMBER BY 1 

6 /  RECORD LAST SPECTRUM 

7/ SCAN OFF; RETURN TO 5. 

AT END OF RECORDING SESSION, TURN SCAIIOFF AND WRITE I . D .  OFF'PLND PRESS 

FILE GAP BUTTON ON THE JSENBEDY THREE TTMES. 

REWIND TAPE, 

TURN ALL OFF. 

. -B21- 



V. CIRCUITS 

NWES : 
A11 t r a n s i s t o r s  ticre 20V NPN switching types unless  otherwise noted. 

( T p e  AMEX0 404) 

All r e s i s t o r s  1/4 W 10% (Marked in  1000 u n i t s ) ,  

All Capacitors marked i n  pf .  



> 
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a) u 
h 
F4 

u 
rn 
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I .2 * 
1.2 

0 
E 
Q. 

-4%- 

470 pf 0, I 

I I 
A- . -  - 
470 pf T 470 f 

r-+l 

26 470 pf 50 

dh 

470 ff? 

0.33 - 
0.33 
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7.  BOARD SEVEN AND EIGHT 

CONNECT IONS 

SFVEN 

PIrJ 

7 lo2 1 
8 lo2 
9 ' lo2 4 

101 2* 

10" lol 1 i> 10 

11 
12 

Write 
Together 

Write 
Together 

EIGHT 

PIN 

(7 102 2* 

101 1 

lo1 2 

10" 2 

10" 4 
10" 2* 
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> 
I! + it" 0 

- I 
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.C. BOARD 1 

BOARD 12 BOARD 13 

FROM DIGITAL VOLTMETER 

-B32- 



BOARD 14 

8 0 
u 
w 
H 

N Y  

TO KENNEDY INPUT 

2 
2 

54 

0 u 

Fr 
0 

w 

A 

BOARD 15 

I 4 

OUTPUT 
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BLACKBODY I.D. NUMBER 

L 

TARGET TEMP. BLACKBODY TEMP. 

INTERCONNECTION DIAGRAM FOR SWITCH PANEL AND 
INTEGRATED CIRCUIT BOARDS 

I1 
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15. B.C.D. Decode Table 

0 

2 
3 
4 
5 
6 
7 
8 
g 

0 0  0 0  
1 0 0  0 1  

0 0  1 0  
0 0  1 1  
0 1  1 0  
0 1  1 1  
i o  i o  
1 0  1 1  
1 1  i o  
1 1  1 1  .- 

8 4  2 1  

0 

2 
3 
4 
5 
6 
7 
8 
g 

0 0  0 0  
1 0 0  0 1  

0 0  1 0  
0 0  1 1  
0 1  0 0  
0 1  0 1  
0 1  i o  
0 1  1 1  
i o  0 0  
1 0  0 1  i Used on Indio 

Tapes Only 



16 - 5808 (Connector on Back of D.V.M. 1 
Pin A Hold log ic .  9 5 - 1 0 ~  Hold 40p see. delay 

+O-112 Track U s e  47k s e r i e s .  

P I N  - D I G I T  

10" - 2* B 
- 4  F 

- 2  L p o l a r i t y  = K 
- 1  R 

ground = BB 

101 - 2* V 
- 4  z 
- 2  d 
- 1  j 

LO2 - 2* 
- 4  
- 2  
- 1  

103 - 2* 
- 4  
- 2  
- 1  

P 

B 
cc 

U 

D 
J 
N 
T 



TEST POINT WAVEFORM 1. D.V.M. "'HOLD" 

UPPER TRACE 

FUNCTION D.V.M. 'HOLD' 

BOARD TWO 

PIN TEN 

HORIZ. SCALE lm Sec/Div 

VERTICAL 2v/cm 

NOTES 

LOWER TRACE 

KENNEDY WRITE PULSES 

FOUR 

TEN 

5v/ cm 



TEST POINT WAVEFORM 2. "CATE" m E  

UPPER TRACE 

FUNCTION 'GATE' PULSE 

BOARD SEVEN & EIGHT 

PIN TWREE 

LOWER TRACE 

HORIZ. SCALE l m  Sec/Div 

VERTICAL SCALE 2v/cm 

NOTES 
Later modifications have removed the  droop a t  t he  t a i l  of th i s  pulse.  
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TEST POINT WAVEFORM 3. ENCODER 10th-BIT-OUTPUT 

UPPER TRACE LOWER TRACE 

FUNCTION ENCODER 10th BIT OUTPUT 

BOARD ONE 

PIN FOUR 

HORIZ. SCALE 0.2Sec/Div 

VERTICAL SCALE h/cm 

NOTES 

- 8 39- 



TEST POINT WAVEFORM 4. RAMP SEIJETOB 

UPPER TRACE LOWER TRACE 

FUNCTION RAMP SELECTOR 

BOARD ONE 

PIN EIGHT 

HORIZ. SCALE 1 Sec/Div 

VERTICAL SCALE 5v/cm 

SG4 WAVELENGTH 

0.5vIcm 

NOTES 
The lower l e v e l  of the  upper trace=unwanted ramp, note  that the 
spectrometer turnaround is  a l s o  r e j ec t ed  
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UPPER TRACE 

FUNCTION WRITE PULSES (FAINT) 

BOARD FOUR 

PIN TEN 

HORIZ. SCALE ZSec/cm 

VERTICAL SCALE 5v/em 

NOTES 
Ramp selector on 'up-ramp'. 

LOWER TRACE 

SG4 WAVELENGTH RAMP 

lv/cm 



High Noise Immunity Logic (HNIL) is ideally suited for applications requiring 
maximum noise immunity and excellent line driving capability. A sixteen pin 
package and complex logic functions result in a minimum number of packages 
per system. Buffered outputs on all elements and 12 volt logic swings eliminate 
the necessity for interface circuitry in most applications. The Dual Buffer, with a 
60 mA output, permits driving lamps and relays directly. A compatible set of 
interface circuitry is included in the family to permit interconnection with all 
forms of low level logic currently available. 

QUAD 2 INPUT GATE 
DUAL 5 INPUT GATE DUAL ONE SHOT 
DUAL 5 INPUT BUFFER DUAL INPUT INTERFACE 
DUAL EXCLUSIVE-OR DUAL OUTPUT INTERFACE 

DUAL 5 INPUT EXPANDER 

FLIP-FLOP 

ICTRICAL SPECIFICATIONS 25°C Ncc = +12V) 

Parameter 
Output Voltage 
“One” State 
Output Voltage 
“Zero” State 

Input Current 
(1 Load) 
Noise Immunity 
(Either State) 

Fan Out 
Gate 
Buffer 

Leakage Current 

Output Voltage 
“One” State Loadec 
Propagation Delay 
(Gates1 
Clock Rate 
(Flip Flop) 

Symbol 

VOH 

VOL 

[IN \ 

NI 

FO 

IL 

VOHL 

Tpd 

TEMPERAT~RE RANGE 
300 BG Series 

Limit 
Min 

10.5 

3.3 

5 
36 

7 

TYP 

11.3 

1.2 

1.2 

4.2 

9 
50 

.1 

8 

60 

4 

- 
Max - 

1.5 

1.7 

1 

300 CG Series 

- 
Units 

Volts 
- 

Volts 

mA 

Volts 

PA 

Volts 

nsee 

mc 
- 

VIN = 4.8 V 

VIM = 6.5 V 
I,,,* = 8.5 mA 
(60 mA for 301) 

VjN = 1.5 V 

VIN = 12 v 
All other inputs 
grounded 
lo = -5.0 mA 
ViN = 4.8 V 

300 CJ Series 
Storage -65°C to +150°C -65°C to +150°C -55°C to +loooc 
Operating -55°C to +125”C 0°C to +lOO”C 0 ”C to  +7ooc 

2- 

G package 

t-+$$j MA.? 

BOTTOM VIEW 

J package 

$$& ii 

Complete part number designa- 
tion consists of three digits and 
two letters, for example: 

321 BG 

- ~ ! ~ ~ c % u r e  Range 
Circuit 



Type 321 Quad 2 Input Gate 

vcc 

7 I3 

6 I4 

3 13 

T 
I 

POWER DISSIFNION: 96mr 
LOADING FACWR: 

INWT- I IDAD 
WTRIT-6 INPUT LOADS 

A 

8 
C 

D=o-f E 
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Type 342 Dual One Shot 

VeC 

a 

TRIGGER EX- 

POWER DISSIPATION: IOOmw 
LOADING FACTOR: 

INPUTS- I WAD 
OUTPUTS-6 INPUT WADS 

EXT. TIMING COWNECTIONS 

~~~ 

EXT. TIMING CDNNECTONS 

Type 312 Dual JK FlipFlop 

I 
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CHARACTERISTIC CURVES 
Noise Immunity vs. Temperature 

E 

m "ONE" STATE NOISE IMMUNITY 

I I I 

I I 
2 

-50 0 50 100 I50 
TEMPERATURE-'C 

High Noise Immunity Gate Tpd vs. Temperature 

~' 0 -50 0 50 100 150 

TEMPERATURE -*C 

Tpd vs. Capacitive Loading 

CAPACITANCE-pf 

VouT VS. VIN 2 mA Load VOU, VS. VIN NO Load 

v,,,--rons 
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APPENDIX B SG4 CIRCUIT MODIFICATIONS 

SG-4 MODIFICATIONS I 

SCAN SPEED SWITCH - Used to be a two  gang 1.5K potentiometer, and is  now a 
6 position switch, wired as follows: 

The overall speed i s  controlled by a res i s tor  inside the sleeving (marked 
R on the photograph). 1K gives scans from 8 secs. 200Q gives  2 secs  to 11 secs. 
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NODIFICATIO'NS 

WAVELENGTH METER 

The small edge meter on the front panel now displays the wavelength output. 
One g i d e  of the meter is  grounded, the other goes v ia  22K to the wavelength 
sutpuf (yellow wire marked "W" on photograph). 



SG-4 MODIFICATIONS I11 

Polystrene 
Capacitors 

'Reed Relay 
(6-d 

An ex t r a  emitter follower s t age  is wired onto the  radiance output.  
charges up a low-loss polystyrene 0.2pf capaci tor .  
the  capaci tor  is connected d i r e c t l y  to the  A-D converter input l i n e ,  and is 
disconnected from the  emitter follower.  
is derived from Board 3 of the  log ic  system. The r e l a y  used i s  a miniature  
reed type r e l a y  (see photograph). 

The emitter 
On receiving a "hold" pulse  

Timing f o r  the  "hold" in s t ruc t ion  

The t r a n s i s t o r  i s  any working NPN type (50V). 
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